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1 DESIGN CONSTRUCTION AND PRELIMINARY TESTING OF A DISTRIBUTION TRANSFORMER 
S.T. WARA 
C.A. ANYAEJI 
P.A. KUALE 
1.1 List of Symbols 
S: Power rating of transformer in kilovolt-amperes 
B: Flux desnity in Wb/m 2 
w: Width of Lamination in mm 
h: Height of Lamination limb in mm 
p: Density of copper in kg/m 2 
t: Thickness of lamination in mm 
J: Current density in A/mm 2 
V: Terminal voltage in volts 
f: Frequency of operation in Hertz (Hz) 
Ai: Cross sectional area of core in m2 
Vt: Volts per turn 
Ag: Gross Cross sectional area of core in m2 
D: Diameter of circle enclosing the core in m 
H: Height of winding in mm 
Aw: Window area in m2 
N: Number of turns of primary or secondary windings 
N1: Number of Laminations 
NHV: Number of high voltage turns 
N1v: Number of Low voltage turns 
n: Turns Ratio of transformer 
I: 
I1v: 
IHv: 
Ac: 
Ac1v= 
AcHv= 
DcLv: 
Lm: 
lmHv= 
lmLv= 
RN: 
Ru= 
R: 
Current specification 
Current Rating of Low Voltage Side in amperes 
Current Rating of high voltage side in amperes 
Conductor Cross Sectional area in mm 2 
Area of low voltage conductor in mm 2 
Area of high voltage conductor in mm 2 
Diameter of high voltage conductor 
Mean length of one turn 
Mean length of one high voltage turn 
Mean length of one low voltage turn 
Mean Radius of one high voltage turn 
Mean Radius of one low voltage turn 
Radius of core in m 
Radius of low voltage coil in mm 
Number of low or high voltage coil group 
1 
Thickness of low voltage former and low voltage coil group 
separator mm. 
t2: Thickness of the major separator b~tween low and high 
voltage,coil groups respectively in mm. 
r': Radius of high voltage coils 
t3: Thickness of isulation separating high voltage coils 
M: Mass of Copper in kg 
X: Number of turns per layer 
X1v: Number of low voltage t~rns per layer 
XHv: Number of high voltage turns per layer 
Y: NUmber of layers 
Y1v: Number of layers of low voltage coil groups. 
2  
1 . 2  I n t r o d u c t i o n  
T h e  w o r k  i s  b a s e d  o n  t h e  p r i n c i p l e  c o p y  c r e a t i v i t y  u s i n g  c e r t a i n  
s t a n d a r d  f o r m u l a e  w i t h  s l i g h t  m o d i f i c a t i o n s  b a s e d  o n  p r a c t i c a l  
e x p e r i e n c e .  T h e  r a t i n g  o f  l O K V A  w a s  c h o s e n  s u c h  t h a t  s m a l l  c o m m u n i t i e s  
m i g h t  e a s i l y  a f f o r d  o n e .  T h e  v o l t a g e  r a t i n g  o f  l l / 0 . 4 1 5 K V  a n d  t h e  
f r e q u e n c y  r a t i n g  o f  5 0 H Z  a r e  w i t h  t h e  s u p p l y  a u t h o r i t y  s p e c i f i c a t i o n s .  
T h e  c o r e - t y p e  i s  b a s e d  o n  t h e  r i g i d i t y  o f  i t s  b u i l d  a n d  c o m p a c t n e s s  
( 1 , 2 ) .  T h e  d e s i g n e d  m o d e l  c o m p r o m i s e s  s t a n d a r d  e x i s t i n g  o n e s ;  
t h e o r e t i c a l  d e s i g n s ,  s p e c i f i c  p r a c t i c a l  w o r k s  o n  p o w e r  a n d  d i s t r i b u t i o n  
t r a n s f o r m e r  t r a n s d e s i g n s ,  r e f u r b i s h i n g  a n d  r e p a i r s .  T h e  d e s i g n  
s p e c i f i c a t i o n s  a r e  a s  s p e c i f i e d  w i t h  o t h e r  d e t a i l s  i n  s u b s e q u e n t  
s e c t i o n s .  
1 . 3  D E S I G N  P A R A M E T E R S / S P E C I F I C A T I O N S  
K V A  R a t i n g ,  S  - l O K V A  
V o l t a g e  R a t i n g  - 1 1 0 0 0 / 4 1 5 V .  
O p e r a t i o n  f r e 1 u e n c y  - 5 0  H z  
C o o l i n g  - O N A N  
N u m b e r  o f  p h < ' s e s  - 3  
W i n d i n g  c o n n · ! C t i o n / t y p e - D y  1 1 .  
1 . 4  O t h e r  S p e c i ': : ' i c a t i o n s  
F l u x  d e n s i t j ,  B  =  1 . 7  w b / m
2
. ,  ( 1 )  
L a m i n a t i o n  D i m e n s i o n :  w i d t h ,  w  - 8 9 m m  
H e i g h t ,  h  =  2 2 3 m m  
L a m i n a t i o n  t y p e :  3 - p h a s e  
D e n s i t y  o f  c o p p e r  Q :  8 9 3 0 k g / m
3  
T h i c k n e s s  o f  l a m i n a t i o n ,  t : O . S m m ,  ( 1 )  - ( 4 )  
C u r r e n t  d E n s i t : y ,  J :  3 . 5 A / m m
2
,  ( 1 )  - ( 4 )  
1 .  5  B A S I C  D E S  l G N  ~nrAq I O N S  ( 1 )  - (  4 )  
V o l t a g e  E 1 u a t i o n ,  V  =  4 . 4 4 f B A g N  . . .  ( 1 )  
V o l t s  p e r  t u 1 n  bquat ~ onI V t  =  4 . 4 4 f  B A g :  ( 2 )  
C r o s s  C o r e  a 1 e a ,  A g  ~ I I D
2
/ 4  ( f o r  t h i s  d e s i g n )  . .  ( 3 )  
O . S D
2  
( t h e o r e t i c a l )  ( 2 )  . .  ( 4 )  
w i n d i n g  leig~tI H  ~ 0 . 9 7 h  . .  ( 5 )  
w i n d o w  a : e a ,  A w  =  0 . 9 7 h w  . .  ( 6 )  
1 . 6  D E S I G N  c a N S I D E R A T I O N / A N A L Y S I S  
C o n s i d e r  t h e  l a m i n a t i o n  s h o w n  i n  F i g .  1  
F o r  a  ci~cleI A g  =  i i
2  
D
2
/ 4  
i i w
2
/ 4  =  3 . 1 4 2  X  8 9
2  
X  0 . 2 5  
6 2 2 2 m m
2  
( 6 2 . 2 2  x  1 o - 4 m
2
)  
T h i s  i s  ~pproximately t h e  u s e f u l  c o r e  a r e a ,  A i  
qherefor~ A i  =  6 2 . 2 2  x  1 o - 4 m
2
•  
1 . 7  N u m b e r  < f  L a m i n a t i o n ,  N L  
T h t  n u m b e r  o f  l a m i n a t i o n  p u t  t o g e t h e r  t o  g i v e  a  t h i c k n e s s  o f  
8 9 m m  i n  a p p r o x i m a t e l y  t h e  r e q u i r e d . t o t a l  n u m b e r  o f  l a m i n a t i o n s .  
t N L  : :  w  =  D .  '  
N L  '  w  o r  D / t  =  8 9 / 0 . 5  =  1 7 8  l a m i n a t i o n s .  
I .  
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3 
1.8 Volts per turn, vt (1) - (4) 
vt 4.44fBA: 
4.44 X 50 X 1.7 X 62.22 x lo-4 
vt 2.35 volts per turn. 
1 . 9 Number of turns per phase, N/ph; (1) - (4) 
For the high voltage, coil (delta connected), each phase must withstand 
the 1lKV impressed on it. 
·· kev/ ~~ ~ VHy/Vt 
· \ 1000/2.35 = 4685 Turns 
For the low voltage coil, the turns per phase is given as NLv /ph 
= VLv/rh!Vt = 415/ J x 1/2.35 = 102 Turns 
1.10 Turns Ratio, n 
n = NHv/NLV 
(1) - (4) 
VHv/VLV = ILv/IHV 
1. 11 Current 
For the 
for the 
11000 3/415 4685/102 
45.9 = 46 
Specification, 
low voltage, ILv 
ILv 13.9A 
I, (1) - (4) 
= KVA/ 3VLV = 10 x 1000/1.732 x 415 
high voltage, IHv = 
(IHV = 0.30 3A) 
KVA/3VHV per phase 
1.12 Conductor Area, Ac, Wire guage, conductor diameter, De (1)-(4) 
Ac = current/Current density= I/J. 
For the L.V. 
AcLV = 13.91/3.5 = 1.974mm2 
Ac = iiDc 2 2/4 : De 4/iiAc = 2 Ac/ii 
DcLV 3.974/3.142 2.25mm 
For the H.V. 
AcHV = 0.303/3.5 
DcHV = 0.0867/3.142 
(2.3mm used) 
0.0867mm 
0.332mm 
(0.45mm used) 
The wire guages are respectively 13 and 26 for the low and high 
voltage sides, due to the diameter specification as computed and 
dictated by the nearest possible wire sizes (in mm) available, this 
being a function of the current rating. 
1.13 Mean Length of turn 
The idea of how long averagely each turn per coil will be, leads 
us to the idea of the mean length of turn. There are fifteen to 
sixteen coil groups with insulators of various thickness interposed. 
The low voltage coil has two layer each of fifty-one turns with three 
insulators of identical thickness while the high voltage coils (14 
coil groups in number) sandwich thirteen insulator layers of identical 
thickness. For this design a mean radius RN, was computed for, gi·ven 
by the formulae. these formulae are derived based on experience and 
knowledge obtained from mathematics. 
RN (R + r) + 2(n'-l)r + (2tl+t2) + 15r' + 7t3 ... (1) 
Rn = (R + r) + 2(n'-l)r + (tl + t2) ... (2) 
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W i n d i n g  c o n n · ! c t i o n / t y p e - D y  1 1 .  
1 .  4  O t h e r  S p e c  i  ' · : i c a t  i o n s  
F l u x  d e n s i t y ,  B  =  1 . 7  w b / m
2
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H e i g h t ,  h  =  2 2 3 m m  
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D e n s i t y  o f  c o p p e r  Q :  8 9 3 0 k g / m
3  
T h i c k n e s s  o f  l a m i n a t i o n ,  t : 0 . 5 m m ,  ( 1 )  - ( 4 )  
C u r r e n t  d E n s i t y ,  J :  3 . 5 A / m m
2
,  ( 1 )  - ( 4 )  
1 . 5  B A S I C  D E S [ G N  ~nrAqflkp ( 1 )  - ( 4 )  
V o l t a g e  b~uationI V  =  4 . 4 4 f B A g N  . . .  ( 1 )  
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2
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0 . 5 D
2  
( t h e o r e t i c a l )  ( 2 )  . .  ( 4 )  
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D
2
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2
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1.8 Volts per turn, vt (1) - (4) 
vt 4 . 44fBA: 
4.44 X 50 X 1.7 X 62.2 2 x lo-4 
vt 2.35 volts per turn. 
1 . 9 Number of turns per phase, N/ph; (1) - (4) 
For the high voltage, coil (delta connected), each phase must withstand 
the llKV impressed on it. 
·· kev/r ~ • VHy/Vt 
· \ 1000/2 . 35 = 4685 Turns 
For the low voltage co i l, the turns per phase is given as NLV /ph 
= V1y/ph/Vt = 415/ 3 x 1/ 2 .35 = 102 Turns 
1.10 Turns Ratio, n 
n = NHv/NLV 
(1) - (4 ) 
V8y/V1 v = I 1 y/IHV 
1 .11 Current 
For the 
for the 
11000 3/415 = 4685/102 
45.9 = 4 6 
Specification, 
low voltage, I Lv 
I 1v 13.9A 
I, (1) - (4) 
= KVA/ 3VLV = 10 x 1000/1.732 x 415 
high voltage, IHv = 
(I8 y = 0.30 3A) 
KVA/3VHv per phase 
1.12 Conduc tor Area, Ac, Wire guage, conductor diameter, De (1)-(4) 
Ac =current/Current density= I/J. 
For the L.V. 
AcLV = 13.91/3.5 = 1.974mm 2 
Ac = iiDc 2 2/4 : De 4/iiAc = 2 Ac/ii 
DcLV 3.974/3.142 2.25mm 
For the H.V. 
AcHV = 0.303/3.5 
DcHV = 0.0867/3.14 2 
(2.3mm used) 
0.0867mm 
0.332mm 
(0.45mm used) 
The wire guages a re respectively 13 and 26 for the low and high 
voltage sides, due to the diameter specification as computed and 
dictated by the nearest possible wire sizes (in mm) available, this 
being a function o f the current rating. 
1 . 13 Mean Length of turn 
The idea of how long averagely each turn per coil will be, leads 
us to the idea of the mean length of turn. There are fifteen to 
sixteen coil groups with insulators of various thickness interposed. 
The low voltage coil has two layer each of fifty-one turns with three 
insulators of identical thickness while the high voltage coils ( 14 
coil groups in number) sandwich thirteen insulator layers of identical 
thickness. For this design a mean radius RN, was computed for, giv~n 
by the formulae. these formulae are derived based on experience and 
knowledge obtained from mathematics. 
RN (R + r) + 2(n'-l)r + (2tl+t2) + lSr' + 7t3 ... (1) 
Rn = (R + r) + 2(n'- l) r + (tl + t 2 ) ... (2) 
4  
A f t e r  s u b s t i t u t i n g  t h e  v a l u e s  a s  s p e c i f i e d  f o r  t h e  v a r i o u s  
p a r a m e t e r s ,  R N  =  6 . 2  x  1 o - 2 m  
R n l  =  4 9 . 6  x  1 o - 3 m  
R n
2  
=  5 3 . 4 5  x  1 o - 3 m  
I n  g e n e r a l  t h e  m e a n  l e n g t h  o f  t u r n s  o f  r a d i i  R N ,  R n l ,  R n 2  i s  g i v e n  
a s  l m  =  2 i i R  ( 3 )  
w h e r e  R  i s  e i t h e r  R N  R n l ,  R n 2 .  
>  
B Y  s u b s t i t u t i n g  v a l u e s  o f  R N ,  R n l  a n d  R n 2  i n t o  e q u a t i o n  3 .  
l m R v l  =  0 . 3 1 2 m  f o r  t h e  t w o  c o i l  g r o u p s  o f  t h e  l o w  v o l t a g e  c o i l  s i d e  
r e s p e c t i v e l y .  
l m L v 2  
0 . 3 3 6 m  
1 . 1 4  M a s s  o f  C o p p e r ,  K  ( i n  k g )  ( 1 )  - ( 4 )  
M / p h  =  n u m b e r  o f  t u r n s  p e r  p h a s e  x  c o n d u c t o r  A r e a  x  c o n d u c t o r  m e a n  
l e n g t h  x  s p e c i f i c  g r a v i t y  o f  c o p p e r .  
N A c  l m e  
w h e r e ,  f o r  c o p p e r ,  s p e c i f i c  g r a v i t y =  8 9 3 0 k g / m
3
,  
l m ,  N  a r e  a s  g i v e n  i n  d e s i g n  a n a l y s i s .  
T h e  c o m p u t e d  m a s s  o f  c o p p e r  i s  4 k g  p e r  p h a s e  w i t h  h i g h  v o l t a g e  c o i l .  
T h e  p r a c t i c a l  w e i g h t  o f  c o i l s  p l u s  i n s u l a t i o n  w a s  6 k g  m e a n i n g  t h e  
i s u l a t i o n  w e i g h t  i s  2 k g .  
1 . 1 5  W i n d i n g  h e i g h t ,  H  
T h e  t o t a l  a v a i l a b l e  
c i r c u i t s  b e t w e e n  t h e  e n d  
a n d  b e t w e e n  c o n d u c t o r  p e r  
a b o v e  a n d  b e l o w  t h e  w o u n d  
h e i g h t  o f  t h e  l a m i n a t i o n  
t h e r e f o r e  g i v e n  a s  
H  =  0 . 9 6 5 h  
=  0 . 9 6 5  X  2 2 3  
2 1 5 m m  ( 0 . 2 1 5 m ) .  
w i n d o w  h e i g h t  i s  2 2 3 r J m .  T o  a v o i d  s h o r t  
c o n d u c t o r s  p e r  l a y e r  o f  t h e  v a r i o u s  c o i l s  
l a y e r  a  s l i g h t  e x c e s s  o v e r h a n g  i s  a l l o w e d  
c o i l .  t h i s  r e s u l t s  i n  a  r e d u c t i o n  i n  t h e  
b y  a b o u t  3 . 5 % .  T h e  w i n d i n g  h e i g h t  i s  
T h i s  i s  s h o w n  i n  f i g u r e  2 .  T h e  a s s u m p t i o n  m a d e  i s  b a s e d  o n  e x p e r i e n c e .  
1 . 1 6  N u m b e r  o f  t u r n s  p e r  l a y e r  ( T P L ) ,  X  
T h e  r a t i o  o f  t h e  tot~l a v a i l a b l e  w i n d i n g  h e i g h t  t o  t h e  c o n d u c t o r  
d i a m e t e r ,  g i v e s  a  f i g u r e  f o r  t h e  t o t a l  n u m b e r  o f  t u r n s  o f  c o n d u c t o r  
t h a t  c a n  b e  a c c o m o d a t e d  i n  a n y  p a r t i c u l a r  l a y e r .  I f  t h e  g i v e n  s y m b o l s  
a r e  c o n s i d e r e d  
X D c  =  H  
X  =  H / D c  
F o r  t h e  l o w  v o l t a g e  s i d e  
X L V =  H / D c L V  =  2 1 5 / 2 . 3  =  9 5  T u r n s / l a y e r .  
I f  a  s i n g l e  l a y e r  o f  1 0 2  t u r n s  w a s  t o  b e  a c c o m m o d a t e d  t h e n  
H  =  2 . 3  x  1 0 2  =  2 3 5 m m .  
B u t  t w o  l a y e r s  e a c h  o f  f i f t y - o n e  t u r n s  w a s  c o n s i d e r e d  i . e .  H  
x  5 1  =  1 1 7 m m  
X H r  =  1 1 7 / 0 . 3 3 2  =  3 5 2  T u r n s / l a y e r  
1 . 1 7  N u m b e r  o f  L a y e r s ,  Y  
Y  =  N u m b e r  o f  t u r n s / t u r n s  p e r  l a y e r  
Y L v  =  1 0 2 / 5 1  =  2  l a y e r s  
Y H v  =  4 6 8 5 / 3 5 2  =  1 3 . 3  l a y e r s  ( 1 4  l a y e r s ) .  
2 . 3  
I  
I .  
I .  
I .  
1 . 2  
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1.18 Coil Thickness (or Coil Width) 
This is required in order to ensure that the available window 
space can accommodate the three coils of the various phases. Consider 
the spatial outlay of fig. 3. 
The core thickness 
Thickness of low voltage former = 2x4mm 
Thickness of low voltage conduction= 4x2.3mm 
Low voltage coils separator 2x2mm 
Major separator = 2x4mm 
High voltage coil thickness Oxl4xMK4~ 
High voltage internal insulation= 2xl3x0.1 
Coil thickness with core inclusive = 134mm 
89mm 
8mm 
9.2mm 
4mm 
8mm 
12.6mm 
2.6mm 
133.4mm 
and without the core it is two halves each of 22.5mm thick on either 
side of the core. Thus the central limb provides two halves of 22.5mm 
thick coils and the outer limbs provide 22. 5mm respectively. Each 
window is occupied by two layers of 22. 5mm thick coils and thus the 
window width of 89mm can adequately occupy 45mm thick coils. 
1.19 Window Space Factor, Wsp (1) - (4) 
This is the ratio of the window area available to accommodate 
the winding CAw) to the total available window area, Aw. 
Wsp A'w/Aw x 100 
Aw 223 x 89 = 19847mm 
A'w 117 x 45 = 526mm. 
Hence Wsp = 5265/19847 x 100 = 27%. 
1.20 Tank Design 
1.21 Tank Length (L): This should be such that the end limb coils are 
adequately isolated from the tank side walls. An addition is made 
to the total core-coil length to achieve this goal. 
But core length of 1 445mm (0.45m) 
Overhang end coils 45mm (0.045) 
L' 490mm (0.490) 
If a third of this is allowed as guard, then the tank length will 
be L 1. 33L 
1.33 x 490 = 651.7mm (0.6517m). 
Thus a clearance of 80mm is made on both sides of the side walls. 
1. 22 Tank Width (Wt): By a similar analysis the tank width, Wt can be 
computed. 
1.23 
Wt 2 x 80 + 89 + 2x22.5 
168 + 89 + 45 
Wt 294mm (0.29m) 
Tank Height, Ht: The core is isolated from the tank, 
is allowed for end connections. 
Ht 401 + 2 X 80 
401 + 160 56lmm (0.56lm) 
some overhang 
6  
1 . 2 4  Q u a n t i t y  o f  o i l  ( b y  v o l u m e )  ( 1 ) - ( 4 )  
V o l u m e  o f  o i l  =  V o l u m e  o f  t a n k  
1 . 2 5  
S / N  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
1 1 .  
1 2 .  
L W t H t  =  0 . 4 9 0  X  0 . 2 9 4  x  0 . 5 6 1  
0 . 0 8 0 8 m
3  
( 8 1  l i t r e s )  
aesi~ T a b l e :  1 . 1  T r a n s f o r m e r  aesi~ S p _ e c i f i c a t i o n  
P a r a m e t e r s  
~hase 
N u m b e r  o f  t u r n s  
W i r e  g a u g e  
C u r r e n t  R a t i n g  
V o l t s  p e r  t u r n  
N u m b e r  o f  l a m i n a t i o n  
M a s s  o f  c o p p e r  
N u m b e r  o f  l a y e r s  
W i n d o w  s p a c e  f a c t o r  
C o n d u c t o r  d i a m e t e r  
W i n d i n g  h e i g h t  
D i r e c t i o  o f  w i n d i n g  
T a n k  D i m e n s i o n  
H i g h  V o l t a g e  
W i n d i n g  
4 6 8 5  
2 6  
0 . 8 2 0 A  
2 . 3 5  
3 5 6  
2 . 6 - 3 k g  
1 4  
< - - - - - 2 7 %  - - - - - - - - - - >  
0 . 4 5 m m  
< - - - - - 1 1 7 m m  - - - - - - - - >  
L o w  V o l t a g e  
W i n d i n g  
1 0 2  
1 3  
1 2 . 8 7 A  
2 . 3 5  
1 .  2 - 1 .  4 k g  
2  
2 . 3 m m  
< - - - - - C o u n t e r  c l o c k w i s e  - - - >  
5 4 4 x 2 8 8 x 5 3 7 m m
3  
2  
1 .  2 6  W i n d i n g  O u t l a y / C o n n e c t i o n :  T h e  h i g h  v o l t a g e  w i n d i n g s  a r e  c o n n e c t e d  
i n  s t a r  a n d  t '1 e  l o w  v o l t a g e  w i n d i n g s  a r e  c o n n e c t e d  i n  d e l t a .  T h i s  
i s  a s  s h o w n  i n  F i g u r e  4 .  
1 . 2 7  D e s i g n  o f  t h e  L o w  v o l t a g e  f o r m e r / w o o d e n  b l o c k  
T h e  f o r m e r  t h i c k n e s s  i s  s p e c i f i e d  b y  t h e  v o l t a g e  s t r e s s  b e t w e e n  
t h e  l o w  v o l t a .s e  c o i l s  a n d  t h e  t a n k .  T h e  p h y s i c a l  d i m e n s i o n s  a r e  
s p e c i f i e d  b y  t h e  c o r e  s t a c k  t h i c k n e s s  ( 8 9 m m  x  8 9 m m ) ,  a n d  t h e  
l a m i n a t i o n  dim~nsionsK T h e  s i z e  o f  t h e  w o o d e n  b l o c k  s h o u l d  b e  s u c h  
t h a t  t h e  l a m : . n a t i o n  s t a c k  c a n  c o n v e n i e n t l y  b e  a c c o m m o d a t e d  a f t e r  
t h e  c o i l  i s  m u n d .  T h u s  t h e  a c t u a l  f o r m e r  d i m e n s i o n  i s  s l i g h t l y  
b i g g e r  t h a n  t l · e  d i m e n s i o n  o f  t h e  l a m i n a t i o n .  T h e  d i a g r a m s  a r e  s h o w n  
i n  f i g u r e  5 .  
1 .  2 8  M a k i n g  t h e  L m l i ·  a n d  H i g h  V o l t a g e  C o i l s ,  ( 1 ) ,  ( 3 ) ,  ( 4 ) :  
T h e  l o w  · r o l t a g e  f o r m e r  w a s  t i g h t l y  f i t t e d  u n t o  t h e  w o o d e n  b l o c k  
b y  m e a n s  o f  a  m a s k i n g  t a p e  a n d  s e c u r e l y  c l a m p e d  o n  t h e  w i n d i n g  
m a c h i n e .  A n o : h e r  l a y e r  o f  i n s u l a t i o n  p a p e r  ( a b o u t  O . l m m  t h i c k )  w a s  
i n t r o d u c e d  t c  l e v e l  o f f  t h e  s u r f a c e .  T h e  w i r e  b o b b i n  (  2 .  3 m m )  w a s  
f i t t e d  i n t o  t h e  ~obbin c a r r i e r  s u c h  t h a t  s m o o t h ,  p a f a l l e l  r u n s  c o u l d  
b e  m a d e .  I n w l a t i n g  s l e e v e  w a s  i n t r o d u c e d  a t  t h e  s t a r t  o f  t h e  w i r e  
2 .  
w h i c h  i s  r i g L t l y  m a r k e d  a n d  h i n g e d  i n  t h e  p r o p e r  d i r e . c t i o n  t o  c o m m e n c e  1 0  
t h e  w i n d i n g .  T h e  m a c h i n e  r a i l  i s  a d j u s t e d  t o  m o v e  f r o n t  · a n d  b a c k  2 0  
w i t h i n  1 1 7 m u .  W i t h  t h e  l e f t  l e g  o n  t h e  t r o t t l e  p e d a l ,  t h e  r i g h t  3 0  
l e g  a s  s u p p c r t  w i t h  t h e  h a n d s  a s  w i r e  g u i d e  a n d  t e n s i o n e r ,  t h e  w i n d i n g  4 0  
i s  c o m m e n c E d .  T h e  t u r n s  c o u n t e r  r e c o r d s  t h e  n u m b e r  o f  t u r n s  p e r  5 0  
l a y e r .  A t  t h e  e n d  o f  t h e  f i r s t ·  l a y e r  a n o t h e r  t h i c k  i n s u l a t i o n  w a s  6 0  
i n t r o d u c e d  t o  a c t  a s  b a s e  f o r  t h e  n e x t  l a y e r .  T h e  p r o c e d u r e  w a s  7 0  
r e p e a t e d  u  t t i l  1 0 2  t u r n s  w a s  r e c o r d e d .  T h e  e n d  w a s  s e c u r e d  b y  
m e a n s  o f  m . t s k i n g  t a p e  a n d  s l e e v e d  t o  m a r k  t h e  e n d  o f  t h e  l o w  v o l t a g e  
w i n d i n g .  . \  t h i c k  i n s u l a t i o n  w a s  i n t r o d u c e d  s e c u r e l y  i n  p l a c e  t o  
s e r v e  a s  b  1 s e  f o r  t h e ·  h i g h  v o l t a g e  c o i l .  T h e  e x e r c i s e  w a s  r e p e a t e d  
o n  i t s  m e 1  i t  u n t i l  4 6 8 5  t u r n s  w e r e  w o u n d .  T h r e e  i d e n t i c a l  c o i l s  
w e r e  m a d e  i n  e a c h  c a s e .  
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1.29 Core-Coil Assembly; (1), (3), (4) 
The core was arranged per layer (E 1 s and corresponding I 1 s). 
The coils were put horizontally on a smooth insulated surface. The 
E's were introduced with the corresponding I's alternately such that 
a smooth interleave was made. When all the laminations were fitted, 
the core-coil assemble was faised and kept in a vertical position. 
In this position the core was compacted by smooth steady taps, this 
together with the interleave, reduce possible air spaces, thereby 
reducing the reluctance of the magnetic 'circuit. The core was then 
clamped with the aid of treated wooden blocks with bolts and nuts. 
2.1 Tests 
D.C.Resistance Test 
This was carried out using an avometer (analogue) 
meter for both the high voltage and low voltage coil. 
are shown in table 1. 
Table 1.2: D.C. Resistance Test Results 
Coil Number High Voltage Low Voltage 
and digital 
The rsults 
Winding Elh=m=s~F _____________ t~in~d=i~n~g~E=l~h=m=s~F ____ __ 
I 
II 
III 
2.2 Megger Test 
275 
275 
275 
0.3 
0.3 
0.3 
The insulation resistance between coils and between coils and 
earth were taken. The result was as shown in table 2. 
Table 1.3: Results of Insulation Resistance Test 
Coil Number L.V to earth High Voltage High Voltage 
I 
I 
I 
(M ) to earth (M ) to low voltage 
1000 
1000 
1000 
00 
00 
00 
00 
00 
00 
2.3 No Load Test (Voltage Ratio) 
This was carried out and the results are shown on tabie 3. 
Table 3: No Load test Results (per phase 
Input Coil I 
Voltage Output 
(V) Voltage (V) 
10 300 
20 650 
30 988 
40 1325 
50 1675 
60 2050 
70 2413 
Coil II 
Output 
Voltage (V) 
300 
650 
988 
1325 . 
1675 
2050 
2413 
Coil III 
Output 
Voltage 
300 
650 
988 
1325 
1675 
2050 
2413 
(V) 
Turn Ratio 
30-
32.5 
32.9 
33.1 
33.5 
34.2 
34.5 
8  
3 . 1  C O N C L U S I O N  
2 . 4  
S / N  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
1 1 .  
1 2 .  
1 3 .  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
T h e  r e s u l t s  i n  T a b l e s  1 ,  2 ,  a n d  3  f a l l  w i t h i n  a c c e p t a b l e  l i m i t s .  
A  t h r e e  p h a s e ,  p o w e r / d i s t r i b u t i o n ,  l O K V A ,  O N A N ,  l l / 0 . 4 1 5 K V  t r a n s f o r m e r  
p r o t o t y p e  w i t h o u t ,  t a p p i n g s  h a s  b e e n  d e s i g n e d ,  c o n s t r u c t e d  a n d  
p a r t i a l l y  c o m m i s s i o n e d .  M o r e  w o r k  i s  s t i l l  b e i n g  d o n e  o n  t h e  
p r o t o t y p e .  F r o m  t h e  d e s i g n  t a b l e  a n y  s e a r c h i n g  m i n d  a n d  s k i l l f u l  
r e w i n d e r  c a n  i m m i t a t e  t h e  p r o t o t y p e  d e s i g n  b y  m e t i c u l u o s l y  p u t t i n g  
i n  p l a c e  t h e  s p e c i f i e d  i t e m s .  A t  f u l l  c o m m i s s i o n i n g  i t  m i g h t  b e  
r e a s o n a b l y  a s c e r t a i n e d  t h a t  t h i s  l o c a l  p r o t o t y p e  w i l l  p e r f o r m  t o  a  
f a i r  e f f i c i e n c y  o f  a b o v e  e i g h t y  p e r c e n t  l i k e  a n  i m p o r t e d  m o d e l  o f  
s a m e  c a p a c i t y .  
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P V T  L t d ,  1 9 8 2  E d i t i o n .  
3 .  K e n n e t h ,  L . G  e t  a l . ;  T r a n s f o r m e r  ( P r i n c i p l e s  a n d  A p p l i c a t i o n s )  
C o p y r i g h t  b y  A m e r i c a n  T e c h n i c a l  S o c i e t y ,  1 9 7 4  E d i t i o n .  
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P r e s s  L t d ,  19T~ e d i t i o n .  
C o s t  E s t i m a t e  ( A s  a t  D e c e m b e r  1 9 9 3 )  
I t e m  
I n s u l a t i o n  T a J e  
I n s u l a t i o n  S l e e v e  
B i n d i n g  c l o t h  
C o p p e r  W i r e  
F l e x  W i r e  ( 4 . 5 m m )  
L a m i n a t i o n s  
S h e e t  s t e e l  , G a u g e  1 8 )  
L o w  V o l t a g e  ~ushings 
( P o r c e l a i n )  c o m p l e t e  
H i g h  voltag~ b u s h i n g s  
( P o r c e l a i n )  c o m p l e t e  
C o n n e c t i n g  l o d  
( E a r t h  R o d s )  
B o l t s / N u t s  
W a s h e r s  
T r a n s f o r m e ·. : :  o i l  
( E l f  t r a n f  f o  5 0 )  
T a n k  C o n s c r u c t i o n  
a n d  S p r a ) i n g  
I n s u l a t i c n  P a p e r  
( N o r m e x )  
M i s c e l l a r e o u s  
L a b o u r  
Q u a n t i t y  
1  r o l l  
3  m  
1  r o l l  
3 6 k g  
3 m  
3 5 6  
2  s h e e t s  
8  N o s .  
6  N o s .  
2  N o s .  
1  d r u m  
( 2 0 5 1 )  
2  t a n k s  
2 0 m  
U n i t  P r i c e  
N  
3 5 0  
1 5 0  
3 7 5  
3 0 0  
1 0  
1 5  
9 0 0  
5 5 0  
8 5 0  
1 0 0  
2 0 , 0 0 0  
2 5 0  
( 2 0 %  o f  t o t a l  c o s t )  
T O T A L  
T o t a l  C o s t  
N  
3 5 0 . 0 0  
4 5 0 . 0 0  
3 7 5 . 0 0  
1 0 , 8 0 0 . 0 0  
3 0 . 0 0  
5 3 4 0 . 0 0  
1 8 0 0 . 0 0  
4 4 0 0 . 0 0  
5 1 0 0 . 0 0  
2 0 0 . 0 0  
2 5 0 . 0 0 ,  
1 0 0 . 0 0  
2 0 , 0 0 0 . 0 0  
3 5 0 0 . 0 0  
5 0 0 0 . 0 0  
6 0 0 0 . 0 0  
1 2 , 7 3 9 . 0 0  
N 7 6 , 4 3 4 . 0 0  
= = = = = = = = = = = = = = =  : = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
T h e  a p p r o x i m a t e  c o s t  p e r  u n i t  w i l l  b e  N 3 8 , 2 1 7 . 0 0  
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